Among the cereals grown in Poland, oat grain contains the highest amount of ash, composed of macro-and microelements. It has been suggested that applying increased levels of mineral fertilization, to newer cultivars of oat could have an impact on their grain yield and mineral composition.
INTRODUCTION
Among the major cereal crops, oat grain is characterized by particularly valuable chemical composition. Both nutrients and non-nutrients present in oat grain determine its considerable value for human and animal nutrition (PETERSON 2001 , BARTNIKOWSKA 2003 , GAMBUOE et al. 2003 , CUDDEFORD 1995 . Until relatively recently, oat grain has been used almost exclusively for oatmeal manufacturing, whereas nowadays it is also raw material sought for health-related foods, medicines and highly valued cosmetics (PETERSON 2004 , GAMBUOE et al. 2003 . In animal nutrition, oat grain is a traditional horse feed. More recently, it has also been used for feeding pigs, poultry, ruminants and husky dogs used for sledding (KEMPE et al. 2004 ). The nutrient content of oat grain, both covered and naked cultivars, has been described in detail in numerous papers (G¥SIOROWSKI 1995 , PISULEWSKA et al. 1998 , whereas relatively few research projects have focused on its concentrations of macro-and microelements.
The purpose of this study has been to assess the yield and mineral composition of covered (Dukat) and naked (Akt) cultivars of oat as affected by variable mineral fertilization.
MATERIAL AND METHODS
A two-factorial experiment was conducted using a split-splot design on soil of IIIb quality class in Nawojowa situated in Kotlina S¹decka, at an altitude of 345-360 m AMSL, in the Kamienica River catchment. The experiment was conducted over a 3-year period (1999) (2000) (2001) . Oat was sown as a pure culture at the rate of 500 grains/m 2 . In all the years spring barley was the forecrop. Oat crop was harvested from 12 m 2 plots. The first experimental factor was the type of oat cultivar (Dukat vs. Akt), while the second one was differentiated NPK fertilization: I level: 30 kg N, 30 kg P 2 O 5 and 45 kg K 2 O⋅ha -1 vs II level: 60 kg N, 60 kg P 2 O 5 and 90 kg⋅ha -1 . The soil abundance in P, K and Mg (mg/100 g) in the consecutive years of the experiment (1999, 2000 and 2001) was as follows: 30, 37, 15; 18, 28, 12; and 7, 15 and 12 . The cultivation of plots was the same for all experimental treatments (PISULEWSKA et al. 2004) .
The analysis of oat grain, after combustion in a muffle furnace at 450 o C for 12 hours, involved determination of Mg, Ca, P, K, Na, Cu, Fe, Mn and Zn by the ICP-AES method on a sequential JY-238 Ultrace spectrometer. The data (grain yield and mineral composition of grain) were subjected to analysis of variance using the STAT (Skierniewice) statistical programme. The significance of differences between treatment means was assessed at the level of P=0.95. The weather conditions in the consecutive years of the experiment are presented in Figures 1 and 2 . 
RESULTS AND DISCUSSION
The two different levels of mineral fertilization, tested in the field experiments, did not have any significant influence on the grain yields of the oat cultivars (Table 1) . On the other hand, the weather conditions in the individual years of the experiment (Figures 1 and 2 ) modified the effects of the applied NPK doses. The covered cultivar Dukat gave the highest grain yields in the year with the highest rainfall and the highest mean air temperatures in July and August in 2001, whereas the naked cultivar Akt produced the highest yields in the season with the lowest rainfall in 1999. Dukat gave 27% higher yields compared with Akt. However, none of the analyzed experimental factors, nor the weather conditions in the individual vegetation seasons had any significant influence on yielding of the compared oat cultivars (Table 1 ). The grain yields obtained in these studies are typical for the region in which the field experiments were conducted, as has been confirmed by the literature data (PISULEWSKA et al. 2000) .
The mineral content of cereal grain depends on many factors, of which the most important are the mineral composition of soil, applied fertilization level and the course of weather conditions during the vegetation season. In addition, the species, forms and cultivars of cereals are important (GEMBARZEWSKI 2000 , KLIMA, PISULEWSKA 2000 , WRÓBEL et al. 2003 .
In the present experiment, the content of macro-and microelements in the analyzed oat cultivars was mostly affected by the course of weather conditions during the consecutive vegetation seasons. The weather conditions notably affected the mineral uptake by oat plants. In 2000, oat grain Table 2 ). The content of P was characteristic for this species in all the years of the experiment, whereas K content in the years 1999 and 2001 was lower than stated by literature data (G¥SIOROWSKI 1995) . Low content of Na and high content of Cu and Fe in the analyzed grain was within the range stated for this species in the literature (G¥SIOROWSKI 1995) . The final year of the field experiments (2001) with very high rainfall and the highest mean air temperatures led to increased uptake of Ca, Mg and Na (Table 3) as well as Cu, Fe, Mn and Zn (Table 4 ). The experiment showed higher concentrations of K, Ca, Mg, Fe and Zn in the grain of the naked cultivar Akt. However, the differences between the compared cultivars were insignificant. Oat grain and products of its processing have a relatively high mineral content, including macro-and microelements. In comparison with four other cereals cultivated in Poland, the naked cultivar Akt contains much more minerals (PETKOV et al. 1999 ). The content of P, K, Ma and Ca in the tested oat kernels was on a similar level as in the kernels obtained in traditional and zero tillage systems (KORZENIOWSKA, STANIS£AWSKA-GLUBIAK 2006) . The present experiments demonstrated that naked oat was more abundant in mineral components, particularly P, K, Ca, Mg, Fe and Zn in comparison with the covered cultivar Ducat.
The higher level of NPK fertilization resulted in a slight but statistically significant increase in Mg (Table 3) and Fe ( (KACZOR, KOZ£OWSKA 2000) . Despite such requirements for microelements, the content of the analyzed elements in oat grain was arranged in the following order: Fe > Zn > Mn > Cu, which has been confirmed by other authors (G¥SIOROWSKI 1995 , WRÓBEL, OBOJSKI 1998 .
CONCLUSIONS
1. The two oat cultivars, Dukat and Akt, responded differently to the course of weather conditions during the analyzed vegetation seasons. The covered cultivar Dukat gave the highest yields in the year with the greatest rainfall, i.e. 2001, while the naked cultivar Akt gave the highest yields in the season with the lowest rainfall, i.e. 1999.
2. The course of weather conditions, different in the consecutive years of the experiment and particularly the season with very high rainfall, increased the content of macro-and microelements in oat grain.
3. The higher NPK fertilization level resulted in a slight increase in Mg and Fe content in the naked cultivar Akt. Naked oat was more abundant in minerals, especially in P, K, Ca, Mg, Fe and Zn, compared with the covered cultivar Dukat.
